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.ABSTBAC1]f: ·:r 
The. formation .. o·:r "·omni·c=" . contac-ts·: to · s:emi-c.onduc:f.;·or·, -materiai.s is: 
. .. . . . .. :·. .. .. ; : . . . ; ..... · . . -. . ~ . ; ..... -· . - ..... ' . '.. . ... ·· . -. . .· . ' ·.. . . 
.• I 
· e-ssential to the operat.ion of· :s:ome ·semi·condu_cto~ :devices·~ -C:"ontac.ts:. 
· for different :s.emj conductors .are .formed. in .di:eferent: .. ways1• Tlie: con--
... : . . . ... , .. .,,_, ''"'t :·c: 
ta.ct-s ·tor many III-V semicortductor·s. ·can.- be formed. ·by produci:trg a: de-
. ·gene:rat.e- :l .. a.y_er at the surf'ac-e where contact :Ls t;o- ·be. made. :This de-
·.g.enera.te: l_aye:t cari -make ·t.-he· :b:arrier ·thin, :enough =to allow tunneling. 
con1ra.ct ·c-.a.n ·be· :made·. 'I.'n~· pµ_l.;3·e~ ruby' l_l:l.p,~r ~~ the Q-switched co2 
. -las·e.r b:av.e- beeJ1: f?UG·c:es_sfully· used tc) form ·obm:i.q contacts in seve:r~J. 
of: t_he III-V sein.iconductor· compounds,. 
I 
- \ 
; 
I 
-·--1 
,--
. ; r= 
~-- -
INTRODUCTION 
connection t_o_: the- sem_f 9onciuot.or ;mate.::ri·al. 1:)e 0 ohm.ic.'' (1,·2) •. 
:current-volt age_ 'rel at i ons;hi. p·. 
:c:~: be made: 
(1) . . ' ., . . . ,'( . : ' . ·- .. ' The work funct.ion o-f ·the con:ta.cti~g: m.ater:ial 
can be chos.en: t_o :give ,-ohmic :appearance. For· 
·n--type .-semic:onduct:or.s:, the work fun·ct·io:h --of 
the contacting Jnat:~rial sho_uld be:"':lower _ -than 
the work fllllct_i·o.n o,f the semiconductor, For _ 
_ p-type semiconciucr~:ors. t·he- .-cont.acting materia,l 
wor,k :ru.nctf o:r:1 ·:of' t.he senp;.c:onductor (1-), .: 
:materi·al and. the s·emi·condu-ctor can --·be· lowered 
. . . . . ..- ,·' •,. ·. 
:exc-ited. curr-e:ri:t :to :make-' the:. __ contact .a.ppear 
ohmic (-3,4). •. 
'.. . •. 
\ 
.:L •. 
An- : - -
I: 
·r 
( 3-). The· surface 'of: th.~· s:em.:ieo11t~:µc:to:r at: t_he. c.on-
1' . 
__ poten.tial· oa.rrt.e-:r~· tn.i:n enqµgb._ ~o ·allow tup_-· 
T. ·.·h·.'·e' .. ··, t··h····· ··a th· d ·• a11·. n.·e·ce_s-:s.a-rv.-··=·· .. : f th·. . . ·•'·. · .. · .•. _ .. ·. :1.r .. :me . ·. o .. :l·S :us11. : .. ·Y .,., or · = os'e ·sem1.c.o.n-
:2 6:)· ..• 
. ., .. i I j 
i'., 
s·ev·era.l of the ·111.;.;v semico:n.duc:tor .compou.n.d.s (GaP:,: 'C}aAs:,. ·Ga.Sp, 
s· d 
•• 'j 
.. 
' 
.-·· 
·.•·_,_,_· ...• ·3.; ... ·· 
, I 
. ;1·.' 
'~-
i: 
., 
··1. 
EXPERIMENTAL METHOD 
A. General 
l. Semiconductor Material 
.. 
All semiconductor materials used ir1 the :~.~eri::rn:ent w~:r~ pµr-
.cllased. w~fe.:ps which were' .15: to 20 :n-4.:Ls thick. 'l'b;e- .gtµp;.Uirl :a.rs·enide 
All o:ther: ·wafe.rs were from 
.. -- ,.· ... -, . . .. . . ·. - . . . .· ' 
. 
p.ulled. ccy:sta1:s • All 'Wa_fers wer.~ lapp.e_d .t3.Pd. m.e:cllan:i. c·al1y p.olishe.cl. 
~ . . .. . . 
· .. · 
Wlie,re po.s~fible they 'we·re al.so .chel!4ca.lly· polishe.d,. .T·able. l ·li·s·ts 
'· 
J 
the_ di:f'-ferent II:I~V ·compqtl.rl@: a.ncl types -that. ·were us·ed i·n :this· ex-
pe.:riment. Also. sbown ar~. the dopant·, i·es·is·tivity, mobiiitY.·, ·car-
rier concentr~-t.io:n,. a.rid. etch .Pi·t,. densi:t-y o't' the different· nia.t·e:ri~p •. 
.. 2. Contact Material 
·-.' . 
... , .. ;. 
The basic materi.·a.r -·used. :to. f.orm ·c·ont~cts t,.o ·the. n-type 
r:ir~v -s.emiconductors ·was ·tin.- .In· s .. o.me- ex.pe·riII1¢nts,_ s.ilver, go14., 
or ·-z·i-nc was. used with th·e-· tin_. 
•,· .- ,·· -· ·. ·.,. . . . •' 
III-V compoun:ds, ·was zi:rtc. :S_'i.Iver was used_. :w-tth: the :zinc in all 
experiments .• 
T·able. 2: :lists: the CQ~PP:linqs used with thef:r dopa.tits, .s.onie 
:other· :c0Dl!l'.Loi1 .a.opants,. th~ <:!Ont act: material. used, and dthe·r c,omon · 
):. 
. . :1 t/ . ' . ' 
. . 
j 
. i 
"· 
' 
-- _{ 
/·. I . . j 
:: l. 
3. Methods of Application of Contact Material 
(a) Pai.nted Surface - An acetore soluble paint (:pu.,r~:?'. 
f?l,.lv!=r·· ·:i~ ·lJutyl. a_cetat·e) ·was m:ix~d with the cont~ct' .. material. .A 
20·0 me:sh ti-ri was used f'or :r1-type -:s·emiconducto:t"s and powdered zi·nc 
~-
was µse·~ for p-type semiconduc~hors:. 
. . 
. A mixture of ·a.bout 50% contttct materi·al a.net :5tJ%. si:~L-ver 
face- or· the sem'iconduc·tor waf.e:r.. Tlte .sur-ra·c·e :of the wafe:r: was 
' 
·. ~-
the Western ... El~·ct.ri·c: Company· .. ,. :Engi.n·e.ering R~s·ew¢.ll Qenter. and · 
P·rov:i·des a saving. ·in. t:tm~ $.!lei equipment •. 
. . 
. ' . . 
·a~posit:.:ed as 10-mil ~pq.ts 9n._ 25-mi.1 centers: en· t:b;e s:~micondµctor-
in ·the•. ·vacuum. chamber.. A. mask. with 10-mil holes was-- _piace:ci agains.t 
retiµce:~ beiow 5:0: niicr.ons., an ionization potential, :of 1500: volts·· 
was appli.~d t:o. clean. t.he .. surface o.f'· the wa.ter. · furt·her. Evapora-
tiori of. all. mE1,teria.ls was. started at B x 1cr6 . torr pressure. When 
" 
: I 
. " 
:. -- - - .- -··-··_-,,..;; 
I 
' . . 
'· 
, -
· in= .sepa.rat~ iayer-s: •. The :basi_c con.tact ·material was _applied fir.st=. 
N:brmally th~ ·_contact materfal- deposit was about :d:.6 micron th~-e:k: 
. -·· 
and when ·a se:cond material was used it was about 0.2 micron thic:k. . . . .... -.. . . . . . . . . .-
::The: s_p:ot size of th~_ :deposited. m~terial was made -relative'ly large. 
' to- allow easy manual :po.si'ti·on:tng .:or· the laser beam· wit'll.in· ·the ~pot-
-.---· 
.\-
:4. Use o:f Laser 
---
In these experiments ·a 1·aser- ·beam: :was ·use(i t:o .-i-r:ra·o.f·t;tte 
t:ne.• ¢ontact material :arid ·senti· conductor s:u:J,str·ate: 'Wl:t~- -co:berent 
r-acl:L.J1t:L-o.n for .several millisec_on·ds. The: -d.ur~tion, polfer, and -in-~ 
a ~_de :r.ange tt:r pr.oqu.¢e· ·heati~g-:, :m~l":bing: __ , .or vapor·i:zat-i.9:n q_f th~: 
:co.nt.act .m.~teri~l -~n·a._ t.·he se:mi:conduc:tor subfJtrat·e· t-·o fo~ th~ allo.y 
·or· :1ayer .·~th excesf?• c~rrlers nee:d.ed. for an ohmic· contac.t .: The' 
-.· 
. 
.. 
laser· us.ea. So~~ ·i.m:po·rt~nt. po.i.n.ts of t:he: :J..as:er:·s us,ed. .'in- th·e ex-
-pe-r:i.nient __ ar-e- .l_ts.t:~d JJ~l9w.: 
of about l mill-is·econ.a; for the .exper·iIIleD:t.s. .Tp.e power outpu.'t ]l'sed .. 
·was· -a.Jmost .miriimU1I1· for t·he las~er._ q.1lle· .l~s:er· was opera.te4.. -ju~t 
I •• 
• ' Figure l shows trace:-ij tor .the 
' ' 
I.·,~ 
. i· 
j 
- -- - -
- I 
• N•-•o • _.. ,._ .,- ~.,-,!.:.-.,:=~..Y'.;,'.f .. ~~=·~~~~~~;:'.~f~l~~~·tsp-::~~~~r:1:~/·:::t.f~---'.:~\;~• 
ftash tube at· several different .volt.ag.e:s •: :'l'ne. voltage. ·r,equir'e-' 
•. - ·~ 
·J1rent_s: are not· fixed ·as_ they yttry ·between f:lasn t·ub.es and :alg:o. 
and faci~:Ltated :p .. os·i toioning ·and focus ... 
(b} CQ2 Laser - The co2 laser c.a.n be 6J:)€iratecl <;W, pu:lsed; 
or :Q;~s.witch,e:d •.. :Tht~ wavel:ength ·of the "<5.utput is l:Ct. 6 :m1,erbris .: Fo.r 
the· -.exJ1··eriment.s, puls-ed. and p11lEfect Q---swi.·t:c.he.d <?p·~_ration we.re used.: 
,' . 
. :Ftir pulsed operation ·power :s·e•tt.i·ngs that ga.ye a ·continuous ·ou.tput· 
tir_e.• ·2, ·s·hows thJ:~ pulsed. Q-s)ritched -output for- a l. mi1.lisecop.d dura-
:l' 
_duration. o.t· the pi.J.l.se: interval,. Th.e puls.e·s _.pers.t·.s·t fo_r·· about l 
·mill·isecond w.it-h -decreasing atnpl_itude .as. the high volt.age. a.:pplie.d 
_ t·o the ·.1as:er, tub·e decays. ·when. the pu.lse:- i.-s ove,r. In puls.e.d qper-a-
.. ~·...:. 
--
Roµgh fo.ctts was --by a jack- t)ri: ·wh-:L=¢J:1. ,the X-Y table -w~s: moun~e-ca-_ antl 
fi:ne -f.oc.:11$: wa·s- by -the focusing ·m.ount o:f the le~8 _. -A-_ ,bino·cular 
.· ·.. . ', .. -.- : -: . ·., ... 
. :mic-rosc:o.pe :p:rovi.ded a '.Qlfign:_:i'fi-e.d. vi.~w o:r the $U}>s.trate and f_aci.l.:i-
t_a. t.JfP: =po-_s it:i oni:_ng :.: 
tJre= ruby l·~s~r .: 
5-. Preparation for Testing 
( a) Painted Surface - A:fter· i.rradiat·iot1 'b-y _laser beam., 
8 
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6. Testing 
I 
to: :~pply a test vo]~tage and to dis·p,l?Y the :'current-vol:tage ... chara;c-
. . . .. 
·t-eri·s·tics of- the cont~ct·9. Pro?ef.3· ·cont,r:olled by mic:t'o:rosit:i.oning , 
·· ,eqU.·iJ>w..e·nt, -w~)i~ 'u9~d to. RilI:lu.lt.aneously make .cont:act nt:h· twp. of th~ 
I ' 
' 
.. 
b:ined char.acter·ist.ics· of two c.ontacts were che·cked at .-one ·time:•· 
. . •. . '.. . . . . ~ . . 
., 
cont·a.cts.. .The voJ~t~ge appl:ied .acros,s thE= .. p_ai:r qf -Gon.t~etS' i-s 
~ ~. 
S'iilli:lar.ly :displayed along the horizontal :a.xi-p: of the osc ..illo·sqope: 
.and. 6 .show ·th·e: three co:ndit·i_o:ns that c-an exist for one contact-
.plot· as: seen· on ·the os:.c.il::Lo·_s.coI?E=., for- bot-h: plus and- ·m~nus: :going 
.... ~· 'th··· ........... •. :,Saw vOQ. ·.. waves- • Wn~r} .one· contact is 'ohmic · an.a the otll.er is :ree~ 
tifyi,ng, the .curvE:1 resemb.1-es the fa.mi ·l·i:ar· cur_:,:en~---v_o]_t.ag_e· curve: 
for .a -cli:ode. 
\ ~-..: 
·1' 
. " 
,;.. 
:1· 
,] 
; 
' i 
! 
B. Experiments 
. . 
" 
A vaJ;'i·ei?Y of :e.xpe::rilnent·,s. ·wer-f= .. ;perfQ:t:IIle·d .. on s·ever-al of t:he 
s.emicondµc·t.or .. materials and. only on~ or two exper.iments.: on others. 
:1a·s-e·r~-. ·us~d, ~ont.ac.t mat-er1.·ais.; and tl1e method "by ·:wh:ich the contact· 
j·· 
.as det:erm:tne·d. :tram: typi,·cal ·currerit--voJ_tage dis·piays of; a pai·r of· 
c.ont.iict·s.. :severa.'1 other experiments no··t: inc .. iud.ed ,in- the :tabl·e. ate 
:coverex1. f.n ·t·he t·e·xt.. The widest .range of experi:tnent·I, ·was. :pe·rformed.. 
material ··i-n t.he exp.erimertt that: is ·tr.ansp_arent to v:tsi.ble light .. 
l:, Gallium. Phosphide, £-type 
(a) Irradiation by Ruby Laser ·- :The .i;:n.1l:sed ::rupy· laser 
was: used wi.th. paint~d an.d v:~por .. depo.s.it~a. J3:pots uf3ir.tg vEtrip;µs. 
" 
c:c)mbi.riation.s :of c:o.nt .. e..ot. m.at.eri·~ls. :as: .indicated in ::T.~ble 3. 'Th·e· 
conta·ct material ·comb,.:i.n~tion. or.· ·zinc ·~_pq, ti.r:t. ·ha.d ·b:oth. p~type and 
. + 
and n-type dopant· :s.o thtit. it was not ·e.xpected to prqduc-e: :an :n. 
layer on the s·em:i-·~ondu.q~o:r;- sur.face· unles:s the: las·.e,r beam: c-aus.e.d 
some s:p:ecia.l: ·e.f:reet to. Q.c-cur.~· 
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' l
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v·oltJ1ge: oi:s;play for :.a., p.a.~.r ·~:,;r·· t:lle.~~: pp,nta;'cts· ., 
; 
·'fi;gure 8 ts·, far, :ru.by i~ser ·Jll~cJe <;:ontact:s, for vapor .. d.ep.q)3it·ei 
is. the our·ve f9r a ·pair ·oJ' as-depo·si.ted s·pot13. 
,; ... 
·alone: •. · " 
·H·ere a c1.1rr~nt-voltage df s.p:1a.y is .inel:ud.e·d showing the dift'e.renc:e 
Eigur.e 11 shows· c:on,ta.cts anq_ ·curren.t~vqlt.ag~ :p,I.Qt.$ :ef 
v'i1por dep.osi·t·ed · :zinc .on ·tin ·fl:pots irraa.i·af,.~d: w:t·t·n., tJ:i,e r1.11Jy .'laser 
beam. 
(b.:) Irradi.ation b,Y Pul.s,e.d, Q~Swi.t:cneq .. ¢02'.. L.aser - :Tire .CO .. , ... ·2, 
1.aser: with ·Q-switcher· operating· was used with :pa;:L:qted an·d vapor 
.deposit'ed ·spo·t.s. using the combinat.i .. oris of' .contact mate:t:il=il i!ldic.at-:e·d 
·Fi.gure: l2: ·sh:OW$ :a. typ.:L.~.al pulse.d, ·Q-'switched c.o2. :lase:~· 
ma.tle contaet fo:r a. sµp;;t:r-ate :pa:int·~d ... wi·th a tin-silver Jiai·p.t an/1. 
i: .. · 
•· 
I 
l 
i. 
' I. 
; . 
·, 
.. ·:' .. 
where al'i the tin-:silver·. 'pa:Lnt had be:en ·removed with ·acett,ne gave 
a :'.r\and.oni pattern c.omparable·: to the s·ilver scan of ·the c·ontact •. 
' .. ' -, · __ , . 
F:fgure ·1~4 :~ho;-;-~& q_~i,e_ai--~;rit~ct ___ r~~~~;,ap~~- dep;sited~-----=-·· -,----__ ,_ __ __.;:_._. ___ ,_ .. _._c_.-~--
s·i1ver :on tin s.p.ots:,· Als--o sho-wn ':L·s the curre.n·t-voltage dis_p,l:ay-
fbr· the p-a.rrie :Palr·. o.f contacts .af'ter· agin_g fo:_r t/hree. month·$ at. 
r'<>om t:e:rnpera.t-ure -. 
•. 
Fi_gu.r~- ·16 :is :fQr va:pq:r .c:lepost t~d :gold on tin contacts·. 
- :Ftgur:e :1_7 sJ:i-o_w~ typi.·cai ·cq_n~.acts. and tne, :c-urrent-voltage; 
., 
·atsJll.ay ~f'or tn:r.e:~ ._:pa.:L:r~- qf -v.apo·r :'de±?·osited. zinc dn tin contac:t·s. 
(c}- _I.rradiation· br· ~ls.ed co_2 :Laser· -~ The pulsed CO2_ 
.l.as.er was ·'Used. with. p·a:i.nted -s·ubs.·tra-tes us·ifig sil\te:r .and t·in as: 
·di E>J?lay :for a· :p:ai.r o:r typ::i. c:al .. c·on-t:tacts. 
An additional exp.er:iment ·was ·perf'o:r:me·d ·wi,t·h n-.type . gallium, .. 
...... 
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. 
: 
. 
-. 
,-
-: 
,· 
._-_ 
·-
.· 
' 
.,, 
: 
-. 
. · 
--
' 
-. 
-· 
' 
. 
was .ftee-h ·to melt .during the· :irradiation by t:h,e. ·pulse· ·O.·f. ·i~ser 
I 
,energy ·and vi.s:ibie :red :lig·ht was emitted by the :he~t.ecl s~micondue.-
to.r substr.at·e. After 10 to ·2{) o.f'· t·he_se. pulses the spot,s :st.f.11,. ·ha·d 
-- --------·-----------~-----·-'·"- --- ,__,_r:.e·c.tifytng c·ha.racteristics.... . ..... . ·--~ -- ----- -~. ~~ -----~- -----. ··-~· •' ~-~ ---·--·--- ---~-~-----··· - -
ove·.r s-o. th.·at· the l~Ser be·a.m ene.r·gy· was. aJ?.::Plie·d· ·through the: substr:at:e· _ 
(:gallitun ,p·hosphi·de .is. almo·st transl)a:te.nt to. :C,02 J~aser radiation·}:. 
T.he: ·:roc·u:s was .adju;st·.e·.0: until ·V . i·$.ib1~ pEfd. :1.:i,gh_t· wa.s: ·emitt.ed 'by· tlie: 
.. 
. sub::stx-at.e q;11ri::r1g t.h~: 1:as,er pt1t.s.e,. This pr.9c:e·dwe .r·emoved ·tne pre:~ 
vious ·shadi·n.g ef·f¢ct of' the· ·de:posi·te.d metal ·spo4.. The: t·itne b.e-· 
volt~:ig.e :pel:at.~ .. c;,~ f':9r 'a. :pa:Lr ·o-f .. a-s-de:positect :spot$ ,and f:O.r· ~ p.ai.~, 
.... ' ·-. ':.i 
/· 
o.f i:r-:radiateo.. :spots a.ft.er. exp.osµre t,o· twenty 5:0-m.illisecond pu·J_·s~$ 
q:f· CO2 laser be~ en.e-r:&;:r·· 
=(·.~) Irradiat'i:on ~Y .. ·YAG· Laser - The pul:se<;l ·y·AG- ·1ase.r· was 
;q.$ed wfth tin-silver painteci' substrate. Figu·re ·2·0 ·shows a typi-
cal ·current-voltage dis.play for -ir·radiated are·-as.. }lo :ohmic con-
. . . . . ~ 
tELe:t.$. we.:re .f.c)rmea during. t·he :ejg?eriment :• 
2·. Gallium Phosphide, 12,-type 
( a) Irradiation by Pulsed Ruby L~ser -· The pulse.d ruby 
/ 
: ~ ... ; 
.. 
· .. laser. 
(b} Irradiation by Pulsed Q,,....Sw:Ltched CO2 Laser ..., . 'l'he CO2 
, las:er· ·w.i th Q-swi tcher o:pera.tfng was. us·ed: wi:th pairtte:d ·and vapor ···· · 
· .d.epo:s:i tea spots using sil.v..er· -arrd zin.c as: ind.i·.cated i.n :T.able 3-., ... : 
F.i:gil.re 22 shows .-a typical c.ontac.t. viewed from the to_p·_ :·and . 
. ,. 
3. Gallium Arsenide; !!_-tyPe 
( a) Irradiation by Ruby Laser· - Figure .,-ft4 s·hows typ:f:ca~L-
r 
G"Qptaot·s forrneg from. vapor depo9·ited silver .on tin. s·pots wit:h 
t:he.i.r· c:1:1:rr~nt-vol.tage. :di s-pi:ay .. 
. (1:r) 
.. 
~{:i -shows. a "typ:~cai cont.act· for:rne:d fr.om v·ap.dr depd·sited s.i.lver on 
. . .. 
ti:I;1. ·9:pots with a typ.ic.aJ. currerit-vol.t·a.ge di.SJ?lay ~: 
-4. Gallium Arsenide, £_-tyPe 
> ' 
' 
Figure 26 shows typical contacts :formed. from ·y~:po:r;: -<i~p.OE:l-
it:ed s .. ilv.er cjn ·zinc spots when irr·adia.ted·· by a .J?ulsed ru"t>y .las'er •. 
. -- ·.1. 
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CUr.:r.e~t~voJ,t.·age .cti·s.r>~.ay .. ~: ·:are.· $·hown- for·· t:wo s]_fgh.tly di-f.rt"erE3rit 
vo:lt··ag~·s· ·~PJ>l:Led t:e>: the·· laser: fl.a~h~ tub·e. 
.. .. ·. 
-
Figµre: .27: s·hows typi-c!:ai. c:ontaGts f:Or:med from va.por· ae·pos,-
t.ted stlver on z:inc spots when irradiated by a pulsed~ Q-switched· 
(~02 las.er and. a typical current-vo:i tage cit splay for a pair of 1 
cont,act:'S :.: 
·5. ·GEillium .Antimonide ,•· . _. . -
. . . 
a pulsed.-; Q-·s.wi!ched. :co. laser~ . 
. · ___ ·. . ........ -.. · ... :2 
6!t. .It}dium Arsenide 
a.: Jrtl1.S'ed, :Q~sw:Ltched -C0:2 la.ser·.·. 
7. Indium Antimonide 
Figure 30 shows -typi.cal c.-c~n:t.~·~t··s and- ·cw-r~n..t_-voltag.e ... d.i.s·...; 
a puls.ed, Q-swi tched CO2 l~.s-er .. 
.. 
,: 
,. 
:'.RES·W,Ts· AND DISCUSSION 
A. General ~: 
Experi·met1.ts ·were: ·performed with. ·t.lre .. III.;.;;V c:ompounds .g_ai1ium 
phosphi·de , .. rt- ._and: p-type;. gallium arsenide·, n- and p-type; and n~ 
-type gal1·i_um anti:tnonid.e,,, indium arsenide.,_· and it1di um antimonicle. 
::for ei.tner t_he grou.p JII element or the group V ·e4:eIIlent , :Lt p_r·e.f-
er~:r1.ti·a1_1y substtt~t-~q- ·:ror: the: _g:rq\lp: )~II e:ie.m..e~t (-g~l~LiUlil. or· 
a.ll_-oyi:r;ig.: ha$ .incre~sed: trhe- numbe·r .. of carriers. .An naii,type- s.ub-
. .f ... . 
·strate -would -t:hen be .. made· n ·_producing dege-ner.at!y. :O.ne unsuc~; 
'CE=.s,--sful exp·eriment- :att.empting· t·o pro·ciuc·e -oluni:c ·cc>iit.-act·s :u.s:t.rig 
'lJ1 exper:Lments. with ga·11i.Ulll ph.os_phi.d.e, i.t ·was f.ouna: ·that: 
wh-.en ·the laser ·intens.ity was: su.f·f:1cier1t .. to. :d·amage the· s1ibs.t·t.at.e: 
·t:P,er-e was: ~vfd·eritly' a .liber·at.i.on. of j;>hos:phorlis with .. ·a; r.eiti-.due ·of· 
:• 1: . 
I• 
16 
, ., ., ...• . -~ . J, 
I 
. - . -~ -~ .. 
. - . - - - - ~-~ ... ~--
i 
.. 
.. 
; 
!. 
I 
,after, rough m~tc1llurgi cal po.li-'s.hing t.he. c~hara~t-er:1sti cs b~·c-a.m.e 
·• 
.. 
s~:i-oJun:Lc .•. The- co:nd:Ltion: ()f th:e: $Ur:fa.ce: as· inqiqated by t,he etch 
. . 
_p~osph~d.e i·s c.i,~ar·ly tl;1.e ma:tert··al wit:p: tpe :r.i.ig'heSt ·re·s:istance con-
. .. . 
:.J?l:'<Jaching: tl1e r-es.is.t.ivity for the ·other compounds ~.re not. typ.i-¢~1! 
r:e.s-is·tance b'tit: their ,·e:ffect ... ·was not ver'ifi.e.d by thi:s experim~_nt.~-
:Phi.de, be.tween ·t·he cont.acts fo·r.rned for ·the s:e:rnj condµ.q:to:r .m~t,er~~ls 
., ... ·.· ·t·· :men ..•.. 
.;<,\ (' 
. ) 
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' 
r 
I 1 
' I 
I 
I 
, .B.- (rallium Phosphide, n-ty:pe 
I• 
1. Irradiation BZ, Ruby Laser 
Contacts on n-type gallium phos::pbi.qe:· wer.e _formed ·trorn. botn 
As shown in ,Tabl·e 3 
' . . . . ' . . ' 
tJ1~ siive.1;--t:ip.,. ti·.n ~lo.rre·_, and. _g9ld-tiJ1 ID.ate.:riais _produ_c_ecl cont:~_cts 
·wi.t:h .ab··pµt. 15 ttl 3:q onn1.~ r~ststanc·~ J)e:r p·~i:r:~ 
. : . 
When: ·the c·ontact 
. ~ . . ··, . . . 
'9i·z·e: of O. 01 t·o Q:. 0125. :c:q1. ~tam.et.er :is consi-derE=d.: these· v~lµe·s ·re-
-3 .. 2 ·. · .: . _· · .. . · ·. · . ·. I l·at.e to ·al;l91.l:t: lO · O!)III-c:rrr w.hi-ch is- .;rea,si:>nable for gallium phos~ 
J?-hide. No: ohm:Lc.- :co-nta:ct-s· were fcrrme:d: 'when z:i.n(t~tin material was 
typical CQ:nt.acts·: formed. with silv.er--ttn ·pa.i.nted :substrat:e,.. The-
·,:. 
,current·-voltage d:Ls·piay indic;t~~- ·a re.sis-b-an6,e. of' 2-0' ·ohms·: .·:per . .11air· 
of 'c<rnta:cts .. The r16n~1i·neari·ty .shown f·or r·ever:s-e: ·voltage (third: 
qu-adrarit·} is ·attr"ibuted ·t.o in:st:ability of the ·test, prbb:e= again·st 
t .. he· cont.act-. The d.iame·ter of t:J'Je 1ar:ge co.rtta·ct: s·hown 'is. ()~()125-· 
· -3 · -2 :i .-22 X 10: .. ·. ohtri--c-Ii1 ..• 
Figur.e 8 s·hows typ:Lc.al c-ont:.acts. a.n·d -cur:rent~volt.a.ge, di:S·--
-spot ·.is the actual cont~ct-- -ar.ea.. ·ir_he c-:r~_scent ._residu~: aroupd 
'"I"'· 
i 
! 
i 
I 
. ' 
' ! 
' 
., 
·t·:he: .eGige. :ha~ po.t. 1:JE==e:n. ~lµ._qy,e.d ~ tli: t:he: substr-ate and do .. es·- not. form 
:-:~ 
ohmic cont-~qt. -di_;reqtJ.:y to t.·h:e ·suo:~t::r·:~te .. i ::The 946' ·-to 9148. volt con~: 
. . - . - . 
tyj;li c:a1. contac.t .is O •. QJ:. ·CID. (the regi·on. in which most conta·ct·ing 
"poin.ts o:·c·.cur) wni.c;tJ. :relat.e-s t.o a ·contact resistance: for ·a s·ingl:e' 
-3' . . . 2 C()rtta·ct o·f 1.·25 :X 1._0 .... Qrrrn-cm._· .. • Tbe ¢µ.rve ·f'or :the- a-s·-d.ep·os·i·ted 
s.pots, -indi cate.s. a .-diode·· cha.ract.eri:st-i c. ··wi t-h a. bt·e.ak.dctwn v.oltage 
bf' about 8 volts .• The contact re.sis't-ance :was found to decrease 
. . . ,• ' ,· . - ' . . . . . .. . . . . . . . . . 
_pla.ys-. f.~r .cont:-act.s formed fr-om v:apor d.e,po·si.te·d t-in.. alone • The. 
t-i:ibe" No coritac!"t w~i"s made. The: lower spat was ·=kfl'.'_adiat.ed wi,t:h 
·for typ'ic.a.1 .c-c>nta:cts: at ,94.8 volt·i:1 is: shown. arid ~e: 26 o_pms: p~r 
_pair.: An. effe·ct:ive, ·cont.ao.fu:, di,amet.er ·-o"f' ·ab·oµt Q:.01 em ·gi.ves ,a· · 
c·on.t.act resi.stanc·e ·of :1 • .;02· x 'l.0_-3 :O.hm--cmF. .The flash tube volt--. 
---~- --·- ~J 
i 
,l-------- ..... _ 'C' ....... 
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volts. 
'.Figur.-e 1.0 .shows typi:"cal contacts. and ct1rr~nt-vo,1 tage :dis--
plays· for -contac·ts ::forme.d ·from vap·or· ·a·epo•s·:tted. gold .oh tin ,spots:. 
:tacts·.: .. 25: :mils· apart.. Fiat a_ ·c_o·ntact .d.1a.met:er· .o:f ~o.~ 005' cm, a s-ingl·e 
eonta.ct. re.si.stance 6f 1 ~-5· Jc ·10....;3 ohm~em2 i.s:· indicat,ed. H.·· · ... : owever-,. 
F._i_gur.e· lO .includes di-spl:a.ys fo.r several ·pairs of. _contacts ·sncYwi.ri_€( 
di.s.t.a.nce·· between th~ test~ci contacts an.d,-~ prob:a.bly more _i:qipc>rt@t_, 
' 
·the. var_iations petwe(;;n _lt;1Ser. puls_e·s-" -The ~barge qn_ tne. -~-~pa_citors· 
Fig,.ire· r1 shows typi.ca.1_ ia$.e.:r _irr-1::t_di.~te_d Elpot.~ ~d tp~ 
:c.ur.r:~nt~vq·lta.ge -displ~y for v-~por <i~posit.eq: ·z.inc :q:ri ·tin -~pot~-. 
Th:ete' :i$ J.i_ttle. gi·ff'er:ei:1ce oe·tweer1: the cu:r"':t~·pt·-voita.ge C:_h.~.-acter-
' ' 
:ist-i:q.s of ·t-h~: ~-s-depo$.i·ted- $po·t$ -w:q._i:c11 :'sh:ow br.e.a.kd·own ,at ,ab.out 
z·inc: t·h~n mus-t·;;co-µnter:act. the n,~type dopant: ·£'in: to ·suc·h ·an ext._ent· 
in the i:aser irradi_ated ,area. 
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2. Irradiated ~ Pulsed, .fl-Switched co2 Laser 
Contacts on n-type gallium phosphide were forn;i.ed: :f';r.qm, bo:th 
. . 
. t:he pai.-nting and vapo:r- ,deposit-ion method_s)~- A..s-: s·ho'vlil ;in .Table. 3 the 
. . . . . b 6 . .· -3- . ' .· . ' -3 
sidered, ·the- ·r·esi.st·ance pe.r contact. is :o . 8 : ·x 10 · · to ·,3:'. ·i:.5 x l-0 · 
2 
ohm~.cm •. The cont.a.cts made- wit.h v-a.p·or .·d·epos1ted ;spots were :h-i-g:httr 
.c-ot1t:ac:t,s f.orm.ed py th~ ·_p~n~t1niethoo.. was iess: than -de.sirab:le:•: :The: 
prop·ortion -of silver to tin_, th_e th-ickn-e-ss of the _iayer·,: and t.:h.e, 
·,. 
Fi-gur-e. 12. s-hows ·a t_:ypi·cal. cont.a.ct arid c_urre-nt: .... vo:J~t-age 
. ~ 
T.he 
.... 
a±amet.er of ·t'he c.on_tact shown is O. 008 cm. which -g;·ives a. .s:i:n:gle. 
, .-(.!Ot1tact: ·res-ist-~nce Of_ 0~·8.6 X lQ-3 Obm-.cm2 . An e·le'Ctrop. nll'OrO-
.The ·s-can :for 
' H- 0 • • ,• •"• 0 0 •• •• 0 • • 0 • 0 
indicates :a -random pattern showin·g -very· .little or no ,s-ilver-
·.,,r:·. - ',_,.,;;--
·, 
i--
; 
. .· 
I 
less. return· in t·he -area w.h,e·re the: c·ont.aet :s.hields the s.:µb:str-·ate. 
:tt~.d silver· on: t·in,- a current-voltag.e· .di:·splay' .ma.de at -~bhe ·time of 
·:f'orm~tior1 -and a -c:urrent·-voltage dispiay made t·hree- :monthEf after· 
f . ·.··.·· ·.t· ··• .... . or.ma.ion . 
.;,• 
. lase·r irradiated ·area i-s ab.out .o .• oo6i cm wh.ich gives :a contac:t re.--
. . -3 ..... ·. - 2 
si:s.tance. for a :single contact of -2.6·6 x 10: ·· ohm--cm .. Aft·er :aging· 
\ 
a·t roorn ·t,emp_erat-ure r·o.r ·three: 1nont_.hs, t·he $:·a.me o.o:nt:~ot:s show a 
; ..... :· ·. ·: .. ,.~,. .. 
furth:er evaluation over I.anger· pe.ri·oq.s • CqX:· :and: Ha,sty ( 2): .di_s.cu~s· 
., 
ob:~recrved ,cha:n."gJ=.s· .i:·n perfonna.-nce with ~g:e· IT'i{e: breal{dqwn ·vol tag·e9. 
~no. _after· agi,.n:g .• 
ite·d tin alone and curr,eht-vdltag.:e· dis.plays f.o-r tY!):tcal con:ta.cts. 
,:. 1 22. 
• ' • ' ' ' . • • - \ ~ ,, ' •• , ' • • • ~ • ., I J 
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,_ 
.con·tacts.. ind:icate·s- :a: r.esis·tari"ce· o.f: 1125:1 ofurr:s· :;pe-r :1~aft:._: The .. e.ffe:-c--.· 
&re: t1ot, lit1ea;r over· ~s gre·~t ·q ra.nge, -o.f ,~1,i:rr·en:t: as. woul:q, .be: :de.,~ 
· .. 
,The: e.f·:e•ective conta·c-t: ·di..amet;er 
' .. ' - . . . . . .. ·. . .- . . - -· . . . . 
of :about .o;:00:5 Gm ::gives a .. sirig:le. cont·ac1J'- .res:i..stanee ;-o:f :2.·5: x· 1_0~3 
:= . 2· 
ohm-om· .. 
. , · ·Figur.~ :tT 91}0:w's typ:i.cal laser ir:r-ated spots and current""' 
-vo-ltag:e a.i:sp;ia.ys.: for three ~tets· of: contacts made from: vapor de:po·s:.~ 
bu;t the: b:re-akdown vo:1t·age ·::eor· t:he: conta.<Yt·,s. varied. :_fr.om l to 7- vo1}; __ s, •: 
3. Irradiated k Pulsed CO2 Laser 
The co2 pulsed laser was used wi.tb. :s.i"lver~tin :P~int:ecl -~u.o-
st:::r·ate: ·t·o form con;t~c:t.$ an·d. ·t·o h_eat· t.;he -g~ll-iUlll- phqsplli..,de. - ti-n. 
·_23 
' :' : ~-', 
)• 
f 
t 
. " . 
i 
s. 
. . 
.1.· 
-:po_int o.f the: ga1·1ium pho.sphi.de to.- cause· maximum: di·ffus_i.on:.• 
lt~a :f3-i..-.lve·r on tin: spots and the d~spl~y fo:r a :p~ir ·qf co:nt.ac.t.s 
·-
aft e~ exposure ·to ·twenty 50•m.illis_eG·o:nq. pu:Lse._s :qf ~eJ'o_·cu~rea. .. J.~ff~r 
~p~rgy -~p;pli.ed t·h:rough the subst:ra.t~- ·and .q·f· tnt·e:t1sit_y ·su.f-f.ic·i-~_nt 
, 
.. t·o o:au,ae em.i_ss_iQn o·f Yi:siple r:-~q. li_:ght. {~b·ou.t 14:·oo:0 c) by the 
·he·at·~·d :g~lii-1.m;i. pposphid~. :'fµe-- -Qh_aract·er.ist.±cs qf· the as-deposit·:ed 
. . . .. 
. . 
:f:1eGQ;nd. ::r.:>uis(=..~ o:e CO2: ias:er ~.ne~·gy wi.t"h ·2-:6 watts . . ·aw powe-r lev·e.1 
· ····1)as-~ed.. Q.7 .ma -wit·lJ 6 v9l~.s. ·:app.-li:ed. across ·th.e c:ont·acts.... :'111ti.s -ap-
·that o:c:eur ·in·· t-hi._s metho.d :can -caus·e s.h.at:ter·i:ng :or s:plitti:r1g or 
·tne wafer 1f pu1s.e.s. are .. appli .. ed. without- s).1:f'fi.ci,ent :<100.l!ng time 
, .. 
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.Irr·adi~t·i·on·= BZ.. YAG: Lase~, 
. . . 
Tp~, YA.G ·'( yttr-j;UII1~~i11:rpj-;r;1:c1~.~g~rnet: ), 1;as·e.r= was us ed. wi=t·b. 
V:a.riati:on-s in ·:p·ower ·from rio-vislb.le-:effe·ct. to· -drilling & :h:ole. 
·c,orttac·:ts w:Lt.:h. the ruby and the Ct)2 l&s·e:~ we)re 1ls~·d·. ·Figq.r~ 2:-0 
:sn.:owf3· ·the ·cur·rent-.:volt··age .ch_arac-t.eristi.c_$ :of .a :p~tr of irracliatt:~d 
:~re~P, that :'C:~~- the: .olOEte-=st: to b~i,rtg_ Oh.trti..~ .•. 
·r-'1' 
~-:.•. 
• J 
&a:l_I~ um Phosphide, p-type 
1.. Irradiation BZ, Ruby L~~e·:t? 
F:igure. · 21 show$ ... a p'ai-;r :Qf. :trr·-ag1.ate:d, :S·p-c>'t:13 ·at1d :d.u.r.rent--
··· . ' .,-
P<rt·~nt.ials ~pplie.d ·to. :the· I~s.·¢r· .:fl~s,h tube: .. 
.. . ' . . 
The. outli:rte of ·.t:h_·e_._ 
. . .- ' . . --· 
at o.r1e: side .• : ·rnie-' ·d.¢J}.OP:i:t_:ed :,zinc out:s'ide the: ac.tu:~il .. 1·aser. .i·r.r:~~ 
'•' 
dia.te·d: a+e:~: i:s ,evi,de.nt.,.Iy .~Y.~l)Qr:a~--~-d- by ,the·: ·laser· heating,. .The. 
. . •· . . 
·':'' 
,.,. 
i . . 
. •· . "'·. - . 
,, 
. :.:··.- -_ ,'·. > ....... -:· -.: .-· .. 
,. 
• iner.e·:ase .• 
·.- ....... . 
-The· ef'f..ecti.ve 
. ' .... . . . . . . •, : . ' 
~ti· . . . ' :· ".. . . . --' .. ' .·· . ' . . - . . . . ' - . . -~ 
-d;1.~:ete'.r o:f· ·the ·c·onta.ct .at.ea. is o .. 01_5 cm wbi,ch gives a $,~rigle · 
. 3 2 
.. ' ' ' '··· ·4 '·. --·· .. · .. · . 
. (!Oqta.ct ·resistance :of 1 .• 2· ' x. 10 .ohm-cm ..• 
' ' ~ . 
..... 
2·. Irradiation El, Pulsed, .9,-Swi tched CO2 Laser 
Contacts on :p-type gallium phosphide were formed r·rom 
-botli -zinc--.silver pait1t and v&por d.epositect: sJ)~.ver on zinc.~ 
Fi.gure ·-2 .. 2 s·how$: a ·typic:.al c:ori"taq.t, f'o~ed from. si.lve-t::-. 
was ·dant~g:e t:o the g~J,.lium .:phosph~de. i~ thEl contac·.t are.:a· with a. 
of l:5 omns ~-d .@ ·effective· diameter of :o.·01.5 om to. g:ive. a si.:q;gle 
.c.on:t..a.crt. .. -:res·ipt.·ar1c.-e .of. 1._33 x· .1(5~·3 :ohm~_cni2 •. 
. • . . •. . . . .- .r 
i, 
.-
:_a, ·-contac.t :(iiamet.:~r of o. ·01 .. ·.cm .. , ·the: :s-ingl:e: ·c.ontac·t_ .. :res:istance -'i·s 
0. ·7·9· 1· o· ."""".3 mn·· · · ... 2 .:-: .. ·: . · -x: . .·. • · o . ;_cm · •. The.: b-reakd .. ow.n. voltJ:1.ge :f~):r the as-depos·it:ed 
s~ot-~ i-s. ,le.ss t·-h·an •5 :vol.ts. 
~ •, ·:i 
1: 
.. 
·2·,·.6· 
.. ' 
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D. · .·Gallium Arsenide, n-tyPe ., 
' 
1. Irradiation EZ. Ruby Laser 
Contacts on n-type gallium e.rse.nt·de were· f;QrinEe·d ·f:r9:m.. vapor 
de.posite.d .spots of. s·i.lv.er on. tiri. Figure. 24 s.howf?. ty:pi·cal q.ontac.t·s 
· Q •. :Q{~· cni give.s ·8 sin_gle COtlt:aCt· res:is·tanc·.e of ·o-.. 16 X :10-3: to. :0.63· 
: .·-3 . 2 
.x 10 · ohm~cm. .• :The. as.-depo.s,ited spots· had. :a. bre:ak.dow voltag_·e. 
··2·· 
. --· .. :I.~radiation EZ. Pulseq.:,. ~-Switched CO2 Laser 
Contacts on n-type g&J...iium arsenide were forme.d ... ·from. \tapor· -
5: oh.ms ·pe:r· p.a.ir .is: i·ndicat.ed .. A oontaet ·diameter of about 0.·.012-.5 
. . . . . ' ' . . . - . . ' . . 
. 3 .2 
cm gi.ves a si:n.gle. contact· :r~s.i:·$ta~ce ~o·f 0·.-.31 x 10- ohm-cm. • ·Tbe 
·1:is-·.i~i;rqs:1t.·eq. .. ··spot·s. ?q~d a ·b.r·eakdown volta.ge· o:f' about 4 .. 5 vol ts .• 
.. -. . ' . 
. . . CQ.n.s.is·t~n1?.ly goo.a. cont-aqt:s. we·re· .f'o~ed ·with ·tb..~ ·pui:s·ed, Q-swi tche.d 
'@O laser. 
·.· ·2 
E. Gallium Arsenide, p-tyPe 
1. Irradiation EZ. Ruby Laser 
Contacts on p-type gallium ar.~ .. ~nide 'Were ::£:o.rme:d' f'.r·om vapor 
. " 
.. 
' ' ' ',., ' 
' 
.d¢po.s,itecf .:s:1·1 vet ori .zit1c ·$po.t.s .. Ii1i:.gure :26 s.llows typ.ic~l :contact·s 
.. 
·c.urrent:~volt··ag.e· d·is·;pl}1ys· :for· t.he':se pot:en.t~_,~ls·. :A :fla·s·h tube 'po-
·tential of· ·945 ·v.olt.s :give:s ·Contacts wi.th a resista.nc·e: of 20. ohms 
Per· pair of ¢on:ta.qi:s. Ji.'qr :·~. fl(l;sll tµbe· ·potential .. of. 950 volts:·, 
,(:!urr:e:~1:t· . ..;yo:it·ag~, ~is.pl~ys ~re ,shown fo.r c6nt;:acts ·witn .5 o·b:m:s· r:e-... 
si.$t.-anc.~.' ]?er ·.p~ir .. ·An.· ef.fectiye c:o:r1t·agt- .diameter ·bf' o .. {)25 ctn 
·t,j,. 
for: ? 9·:50 volt co:~:rtac~= gi,ves :a. s.ingle contac.t r.e·st.stanne o:f 
.-_ -3 2 · · .. · · 1 •.. 2.5 x 10 ohm-cm • An ef-fe.c.t .. iv:e ·.cont.act. ·diamet·er of O·. 0.15. em 
for· a 945 volt :con·tact ,g.i·v:es :a s·:L·ng;Le: contact: re·s£$·t·anG·e: ·of 
~3 2 - _ .. _ , .. 1 . .-77 .:x; 1·0· .·.· ohm-cm. • ., This comp:ari·s:oh. :t··ei1ds tio indic~te tl.lat the: 
main effec:t a.f inc.r.·e.as·ed f1ash tube pot·ential is, incre·ased con-
,duce:d • 
. 2. .Irradiation ~ Pulsed, Q-Swi tched CO2 Laser 
'Contacts on p-type gallium arsenide were formed f'r.o:rii vapor· 
··depo·s:ited. silver, on z.inc spqt's .. :Fig:µ~e: 27 Hhows' -typi.cal contact·s 
and a current~voltage di$.pl~y for a. pa.ir· of' contac·ts ·•· A., :contact 
. -~ .. 
tive: .contact diameter o·r ·o· .• :02 . .em. gives .. ~ .. $ingl~- contact .r.esistance 
0-_r·.· ·o· 4· 7 ·- · · :-3 -hm 2 • ·.• ._. · X :J_ 0 -.. o -cm • As-de1,1.o:sited spot:s had a ·breakdown voltage 
.<· 
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~. 
-.,,,-,_.;..,_ 
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.. ~_-...... - .. ,-,-·"·""'.:- .. ; .. ,c,-------::-.~ - ..... -. ,, 
F. Gallium Antimonide 
Contacts on n-type galli.uqi .antimQr:tl~e from .. y~por depos:it.ecl 
A .co·nt act. 
. . .• :· -_- .. ·. .,- ... 
. 
resist··ance· 9f ·7 qhnts per 1?ai:r· ·of c·on-tacts· is 'indi·qat·e~l. An .,eff.ec-. 
t·ive· contact ,diameter of ,Q.:01·· :cm give:s a s·ing:i.e. contact :r·esist~nc'e 
·3 ·2· 
o.f d:~ 27 x lQ·- , ohm-cm· • ·T4~ ,a;s-~aepos'ited contacts- .also ~p.p·e·ar 
" 
s:i:star1c·e:, at low vo1t,age.· c:onsi.stently good. c·onta.c.t.s. were. formed. 
·rt is i.nt.er·e.s.ting to· note ·t,r}ctt ti.n l$ generally exp:e.ct .. ed to sub-
G. Indium Ar.s·en.ide: 
. . ... ·.
,ewit . c.hed co2 ·1as:er •. F-igUre .29 shows, typ.icaJ.. cont.~c'ts .. and a · 
cu.rrent:--voltage -ciisplay for a:. :P~.i·:r of ·c.onta.Gts. A ·re·f3..!stan¢e of· 
4. o:mns is: ··i'ndi:c,a/te.d·. An er·:e~cti.ve .. c!o.ntact. cli··am.et·:er of o. 01·25 ·cm 
:gfv·e.s ··~ @·i,ngle, q.qpt,act r·~s,i$t .. ance· ·o:f: '()::. 2.·5· jt: .io-3 ohm-cm2 • The 
.~s-d~pp.:aited· ~:po~·s als·o· show hi.gh. ·c.ohduc.~tiv'i.ty with almost 1.ine~· 
... 
. : :· -_,_, ~. 
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:S::i,·- . Indium Antimonide · 
.contacts on n-typ.e :J~.ndI11iii. :$:nti.m¢i-n:ide: from vapor .depos·it.e.·d 
.co2 .. ':l.as:er.·. Ftgu.r·~ 30 shows typJ:oai contactp_· :~d: .. ~ .. current-voltag~: 
d1s1liay for· a pair o·f contacts. .J};_ ·resistance of 3 ohms per pair 
:i:s i'ndic.at.ecl.·· An :e,ff'~ct-ive. c-ont:ac·t diameter o·:r. 0:.-01.25- .cm gJv~s: a 
· ... · · · -3 ·2 
's'f.ngle.· ·contact., r-e:si:stance :of· ::0-.18 x. 10 obm-c~-- • ·'I;1.h$ 4~-t}~po.si:te·.9-
·high ·r.esistarrce at ·1ow: voltage .• 
I. Epitaxial Galli um Phosphide Wafer 
To correlate ohmic contacts formed us·ing 1-as.e.r· ir-radi~ti·qp 
·w:it:h ·an ac-t.u.al us::e·., .a gallium pho·sJ;,hide e1ri.taxi·a1 wafer was c:>'b-
t·ai.hed .. from the ··Be1·1. ·Telephone= Labo:ratorie.s at. Reading:_, Pa... Ohmic 
.. 
·':Dhe :dep·osition ·was c~ried: ·out· with. :the· sub.s:.t·rate· :at·: 1,·0°·c .:and c·on-
The. no.rm.al: cJ1ar:.aqteris,t.ics .. for an ~-1ec.t.rollJ.IIl..ine..s·oent 
g~:Li_UID. phosphid'f:~ diode doped. to .,einit red .. light. ·r.equire .a :forwaril 
. . . .- ' .. ' 
·3-0 . 
r, 
........ , ~' 
: . •. 
·, 
; 
' 
·, 
·'i 
,;• 
il 
bias·- be·twe:-.en. a .con.tact. -on th¢· epit.axiai '.layer --and. .a .cont:act- :o;n the: 
-~-
:al)_ou:t- 1:2: vo:lts forw~:ro.. ·oi.a_s t<>·: _pr.odlice .red ele.¢_:tr.o·llirri;i;ne·s·:ce:n·ce .•. 
1, 
I 
C·ont:~tot,.$ fo:nne¢1. by the--- _puls··ea_,:: :Q-s:wi.t:ch'ed. ·c.o2 1,aEte_r: -h~o: a 
CqntactiS formecei 'by the ];>UlsJe-d. .:r-µ:qy :la;.s.er had a contac·t 
.less t·han ·2:· ·volts:. 
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SUMMARY 
Ohmic contact·s c.an be. forme.d ·us,i::qg laser beam. ener-gy·-. ·Th··: .. · e 
mopt ·c.orisistent res:µlt-s were: ;obtained .usi.ng· ~t'he pti1s:ed. ruby lase:r 
·:anci. tp.e. :pµl~ed.;. Q~swi:t·qp~d :Co,·2_ las·e·r. In- gene .. ral the ·_lowest-- :re--
s-i sta.nce.: eont:·ac.t:s were fo.rmed :with the pu1:s-e·d1 :ruby 1·aser.. However;, 
e.nce b·e·tween the two :systems·. With .more precis:e control of par.am~ _ 
::rn11:cb. higher: for the CO2 1.a.s.er: tl1a.n for ·the rupy la·s er·. :'rh_e -r-:u"by ~-
laser i:s .handio:_apped by the ohargin~ time .for th~ ·flJ3.sh tube- q,·a.p~c·-
and: co·nsl·ste-nt· c·ontacts ·were not. f-o--r.med using_ th~: p_1).l.s.eq co2 laser, 
t-he:se. systern;s :ca:nn_ot b.e exc:luded unti-l ·all par:~eter$: :are .:Lnvesti-
. 
gat~.<l. S·ome -o.f. ··th~se: p.a_r.amet-~r:s., i..nolu.d·e. pqwer, _pulse· ·durat·ion, 
the co·ntac:!t's fqrmed- by the pulsed .ruby· ias.e.r ·and t·he puls_ed, Q-
:swi tched- CO. i-_~$e,r: can ·te .gre·atiy· improve.cl. !mpr·ov·ement should 
.... '·•,· .. ·. 2 
te n.rad.e: ef?P.eG::i~lly ~:n· tl:1.e. ::r~·dµc.ti.on- of· ·subst.rate damage·~ 
~;. 
l .. ·, -
~t:~- _p;1t9·d11c·e the: nrl,.."nimu:111 -·c:ont.act. r·es-istanc.e ·without t:xc_essiy_e d.emage· 
·'· 
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c-c)ul'd o.e· fo~ea. clq9·ely :f'oJ.l.owed ·th-,e· l?:i:.z:e qf· t:h;e p~dg,a:p ,o·f the-
. ' .. 
. . - . 
-t:he lar:gest b.and,g·ap: used,, bei_ng tn.e -mopt difficult mat·e+i-al ·to 
. c ontac·t • 
' . . ' 
gre]it.er ·t-ha"i1- the -amotiiit of ·tin vapqriz:e:d under t:h_e :satne: condi~-
tions:,~ 'The zinc then doe:s .. npt gi.·ye.- as- muc·h prot.ect-:ion. to t'he. 
,:puls.e.d, Q--switched. co2 laser whi·1,e gol_d-·tin ::se.em.ed slight·ly 
better' wi.-th ·the pu.lse~d ·ruby las.er. 
' ' 
'T;her:~ w.er~ inh·er,ent varfat.-.-ions: in, th_e: :la.$.el'. E?Ys·-tem~- ·th/a.t 
the :po.t·ential- ·app'lied to- the flas:h tube v:arie_s w:Lthi-n t]JE= J'a:nge 
·of the' v.ol_tage: con,;tr-ol .c.i:rcu.t:t :. !n most ¢_as e:s th·e ia.s e-r was· 
·1~s~r ·as the charge :_ori t:he flash_ tu.b·e -~~pacit.drs r:eached or de- · 
cayed ... to :a g_iv.(;n pot.ent·ial .. · AJ_so t·he dist·r1:buti-on of the 1a:er 
·' 
~ . . .. . ' . 
, . 
. , 
.... 
. ,-:,, 
.f;rpm pi;1.-l-~e to. :p-µ.l.s;:e,41 ·'l'·h~ tliiJ;,·_t:ribut:io:r1 of :P.9We:~ .. :Jµ · ·t..Jie- -CO2: ias·er-
·_p·E;ttt·ern .was· observed. to .fol-low .a- cyclic :_p~tt~_:r:ri: ~v·en- in: ·the c-c>:n~ 
.,t:l, 
tinu>s wave o:pe:r~tiOil· It is Qe.lieyed that with .cloS.e to Gaussian 
distribution i·n the J~$~P ·beam mJlch of t·he ·$11b·strate· ·damag~·- :woi.il:d: 
dis~p:pe?,r-. 
. { 
,1: 
.,. 
-~ 
. J: 
'· 
"· 
.J 
CONCLUSIONS 
2 .• 
• 
. . . . . 
:s.urr·ace damage: '$:.e:ems. to be t11e: mai~: prql>lJ~?m,, :with -us·ing 
. .. 
mi·:himunr contact, resis·tance wit:h .a11·qw~b,l.e sur.face .dama·ge. to t:he 
'What. works· ·wel.1 with ti·n ·does not appe·ar to· be' ·t.he b.e.st for zinc . · 
cause :stress c.r·acls:-ing. It .i:s bel:teve.d. ·t:Iiat a ·uniforml:Y :dis.trib:Q.t~·cl 
.l:a..s·er ·beam. will .mi.nim.i.ze t:hts pro·b.1,em .•. 
. ,. 
6 .. . 
. ·•~ 
·'8' • 
pea,r to pro.duce be·tt·e:r contacts ·tn.an the pure material, In t.h·e· 
1. 
·3· .. 5_· . ... 
. _· .. ' 
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FIGURE I. RUBY LASER OUTPUT NEAR 
THRESHOLD - SHOWN ON FLASH 
TUBE PULSE. 
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FIGURE 2. Q-SWiTCHED CO2 LASER OUTPUT FOR 
A PULSE DURATION OF I MILLISECOND. 
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FIGURE ,3. SIMPLIFIED SCHEMATIC OF TEST ARRANGEMENT FOR 
CHECKING CONTACTS. 
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FIGURE 4. · ONE OHMIC ( LEFT) AND ONE 
RECTIFYING CONTACT . 
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FIGURE 5. BOTH CONTACTS RECTIFYING. 
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FIGUR-E 6. BOTH CONTACTS OHMIC. 
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VERT 10 MA/DIV 
HORIZ 0.2 V/DIV 
FOR 895 VOLT 
CONTACTS 
.... 
FIGURE 7. CONTACTS AND CURRENT-VOLTAGE DISPLAY 
FOR N-TYPE GAP WITH AG-SN PAINT - PULSED RUBY 
LASER. 
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FIGURE 8. CONTACTS AND CURRENT-VOLTAGE DISPLAY 
FOR N--TVPE GAP WITH VAPOR DEPOSITED Ae-SN SPOTS 
- RUBY LASER. 
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FIGURE 9. CONTACTS AND CURRENT-VOLTAGE DISPLAY 
FOR N-TYPE GAP WITH VAPOR DEPOSITED SN SPOTS 
- PULSED RUBY LASER. 
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FIGURE 10. CONTACTS AND CURRENT-VOLTAGE DISPLAY 
FOR N-TYPE GAP WITH VAPOR DEPOSITED Au-SN 
SPOTS - PULSED RUBY LASER. 
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8-950VOLTS 
VERT 
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FIGURE 11. IRRADIATED SPOTS AND CURRENT.>/OLTAGE 
DISPLAY FOR N-TYPE GAP WITH VAPOR DEPOSITED 
ZN-SN SPOTS - PULSED RUBY LASER. 
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152 U PAINT LAYER 
10 MSEC PULSE WITH 
6.7 WATTS CW POWER 
300X 
VERT 10 MA/DIV 
HORIZ 0.2 v1-DIV 
FIGURE 12. CONTACT AND CURRENT-VOLTAGE DISPLAY 
FOR' N-TYPE GAP WITH Aa-SN PAINT - PULSED, 
Q-SWITCHED CO2 LASER. 
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BACKGROUND 
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GALLIUM PH·OSPHORUS 
FIGURE 13. ELECTRON MICROPROBE SCANS OF 
CONTACT AREA SHOWN IN FIGURE 12 FOR SN, Aa, 
GA, AND P - BOOX. 
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WHEN FORMED AFTER 3 MONTHS AGE 
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VERT (MA/DIV) 0.05 2 
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FIGURE 14. CONTACT AND WHEN-FORMED AND 
WHEN-AGED DISPLAYS FOR N-TYPE GAP WITH 
VAPOR DEPOSITED Ae-SN SPOTS - PULSED, 
Q-SWITCHED CO2 LASER. 
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A-AS DEPOSITED B-OHMIC C-NOT a-lMIC 
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5 0.2 2 
FIGURE 15. CONTACT AND DISPLAYS FOR N-TYPE · · 
GAP WITH VAPOR DEPOSITED SN SPOTS - PULSED, 
Q-SWITCHED CO2 LASER. 
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B - CONTACTS 
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FIGURE 16. CONTACTS AND . DISPLAY FOR N-TYPE 
GAP WITH VAPOR DEPOSITED Au-SN SPOTS - PULSED, 
Q .. SWITCHED CO2 LASER. 
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· IRRADIATED SPOT 
200X 
VERT 2 MA/DIV 
HORIZ 2 VIOIV 
FIGURE 17. IRRADIATED SPOTS AND DISPLAYS FOR 
THREE SETS OF SPOTS FOR N-TYPE GAP WITH 
VAPO.R DEPOSITED ZN-SN SPOTS - PULSED, 
Q-SWITCHED CO2 LASER. 
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FIGURE 18. CURRENT-VOLTAGE DISPLAY FOR 
CONTACTS OF Ae-SN PAINT ON GAP - PULSED CO2 
LASER. 
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Fl'GURE 19. CURRENT-VOLTAGE DISPLAY FOR 
AS-DEPOSITED Ae-SN SPOTS . AND FOR SPOTS AFJER 
IRRADIATION BY TWENTY 50-MILLISECOND PULSES 
APPLIED THROUGH GAP SUBSTRATE. 
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VERT 10 MA/DIV 
HORIZ 5 V/DIV 
FIGURE 20. TYPICAL CURRENT-VOLTAGE DISPLAY FOR 
2 TO 4-MIL THICK LAYER OF Ae-SN PAINT ON N-TYPE 
GAP - PULSED YAG LASER. 
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I 00 X 
944VOLTS 952 VOLTS 
' .I 
A-AS DEPOSITED B- 944 V C-952 V 
VERT (MA/DIV) IO 10 10 
HORIZ (V/OIV) 2 0.5 0.2 
FIGURE 21. CONTACTS AND DISPLAYS FOR P-TYPE 
GAP WITH VAPOR DEPOSITED Ae-ZN SPOTS - PULSED 
RUBY ·LASER. 
TOP THROUGH SUBSTRATE 
200X 
' I 
VERT 5 MA/DIV 
HORIZ 0.2 V/DIV 
FIGURE 22. CONTACT AND DISPLAY FOR P-TYPE GAP 
WITH Ae-ZN PAINT - PULSED, Q-SWITCHED CO2 LASER. 
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FIGURE 23. CONTACTS AND DISPLAY FOR P-TYPE 
GAP" WITH VAPOR DEPOSITED Aa-ZN SPOTS - PULSED, 
Q-SWITCHED ~ CO2 LASER. ~ 
835 ·VOLTS 
200X 
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B- CONTACTS 
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FIGURE 24. CONTACT AND DISPLAY FOR N-TVPE 
GAAi WITH VAPOR DEPOSITED As-SN SPOTS - PULSED 
RUBY LASER. . 
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F IGU.RE 25. CONTACT AND DISPLAY FOR N-TYPE 
GAAa WITH VAPOR DEPOSITED Aca-SN SPOTS -
PULSED, Q-SWITCHED CO2 LASER. I ' ' 
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945 VOLTS 
945 VOLTS 
IOOX 
950 VOLTS 
950 VOLTS 
0 
A-AS DEPOSITED B-945V C-950V 
VERT (MA/DIV) IO 10 10 
HORIZ (VI DIV) I · 0.2 0.05 
-- · , 
FIGURE 26. CONTACTS AND DISPLAYS FOR P-TYPE 
GAAs WITH VAPOR DEPOSITED . Ae -ZN SPOTS -
PULSED RUBY LASER. 
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FIGURE 27. CONTACTS AND DISPLAY FOR P-TYPE 
GAAa WITH VAPOR DEPOSITED . Ae-ZN SPOTS -
PULSED, Q-SWITCHED 1 C02 LASER. 
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FIGURE 28. CONTACTS AND DISPLAY FOR N-TYPE 
GASa WITH. VAPOR DEPOSITED · A,-·sN SPOTS - . 
PULSED, . Q--SWITCHED COa LASER. 
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FIGURE 29. CONTACTS AND DISPLAY FOR N-TYPE 
INA& WITH VAPOR DEPOSITED Ae-SN SPOTS - · 
PULSED, Q-SWITCHED COa LASER. 
62 
' ., 
IOOX 
A-AS DEPOSITED 
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FIGURE 30. CONTACTS AND DISPLAY FOR N-TYPE 
INSa WITH VAPOR DEPOSITED Aa•SN SPOTS - , 
PULSED, Q-SWITCHED CO2 LASER. 
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CHARAC)TEl~ISTI-C~S; ·OF· SEMI,C6Nbtr.CTO°F.{S· ·usED: IN· E·XPERI:JyffiN'TS-: · 
.. . . .. 
-
·,· .. 
. . -
. . ' •' .. ,,·, .. .. . .• - · .. . -, . ... · .. . .... ... · . 
- . 
' 
Bandgap Melting Carrier·s ·. Resistivity Mobil·lty Etch pits 
..,,.. 
crn3 . Crystal Surface 300°K Point oc cm2/volt cm2 -· at Type Dopant per ohm-cm sec per 
7· 
.. 
: •. 
4 1017 ... 105 2.261 n Se X .13 130 GaP (lll) l465 . indirect l0l7 Zn 8.6 .i96 24.7 p X -
Ga.As (lll) l.435 l238 n Te 4.6 X l017 .0043 3l50 2400· direct 
1019 
. -
- ' 
p Zn 1.5 X .0062 67 2000 
.. 
- . . - . 
GaSb (111) .72 712 n Te 3.9 X 1017 .. ·0·056 3:5:00 1500 -direct 
-
. 
. . . - . . 
.. 
' 
.35 17 1·04 ;x:105 InAs (111) 943 Sn 6.5 .001 1.43 1.35 direct n X lO X 
-InSb (111} .18 525 Ge .. 6.-·5 1015 • (){)568 2. 105 500 n . ' -X ·x direct 
-
' 
f 
NOTE!-: i All structures. a.re zinc-bl,ende. 
Bandgap is i .. n eV:. _ 
Values .:for- iba.ndgap and. me·lting_ :po_,int- are, f·r:om re·fe,rence -4.,Q , .. i1. .. ~: 
-~· 
,:.·: 
. - ' ... . ._, ,._.-:~···,,;,-~_:', ,;:a,:/ ,I!•.' ?'. ·.,,.;, ·.; .'•.f;', -"",-:<!"~ ;'-l ,-- ,,-~;,·,;,.·>'.-<'·<'• ,. ••,: •>;,,: .·,- ,:, ·• sT ~-.:,;., :···:c.~·•' -"~t v-:: ~-, ~,~ < •'r(')",', •~-·•· •, • , ~.{;; 0 ~--- ,,: -·.:.-,,.:.:'. ,-,.-.;·, ·; :, ' .',,, "c., • ,"., . • • ·' ,: -;,•,-; · , , .. • .. •· ·: 
. l 
; 
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. ~ 
l 
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; 
f 
f 
f 
I 
! 
r i 
? 
t 
. 
Semiconductor 
. 
. 
G~ 
L 
.. -· . . ... 
- •· ·, . ·-... ·. . . 
' ..
. 
GaP 
..... 
: : 
..... . . 
·-· ~ . 
-
.. . 
. 
•. Ga.As 
. -
' 
GaAs· 
GaSb 
InAs 
InSb 
SE:MICONDUCTOR COMPOUNDS ·tJSED WlT.ll 
DOPANTS. -AND CON,TACT .MATERIALS 
. . . . . . . . - - ·. ·. - . . . ' :• . . . :· . . 
.... 
.. . ; : : : . .. . . . 
Contact 
Dopant Some .. Other Material 
Type Used Dopants Used 
n Se· S, Si, Sn, Sn, Sn-Ag 
Te Sn-Au 
p Zn Cd, Ge, Be, Zn-Ag 
C, Mg, Co 
n Te Si, Ge, Sn Sn-Ag 
Se 
p Zn Cd, Ge, Be Zn-Ag 
C, Mg, Cu, 
Li, Si, Cr 
Mn 
n Te Se Sn-Ag 
' 
n Sn Si, Ge Sn-Ag 
n Ge Sn Sn-Ag 
Some Other 
Contact 
Materials 
Au-Si, S, 
Se, Te, Si 
Be, Zn·, 
Cd, Mg 
Au-Sn, Au-
Ge, Au-In, 
In, Au, Ag 
Cr, Ag-In-· 
Ge 
Zn, Be, Cd 
Mg 
Se, Te 
Se, Si 
IfQ,TE : Under certain. conditions a group .. :I.V .e:l:~m.~nt m~y r·orm 
n-type materi:al or p-type m~terial .• 
,: 
.. ~: :}, .... 
• 
<. 
. --:::c-c·;·., ,- ·.-.·. ·-.!:-.>-· .::-·, 
~·· .. :··-······~·-.:: _J, 
TABLE 3 . ;: .... ~-:-· 
:TYBI.CAL CONTACT RESISTAN.CES 
. 
.· 
. . . . .· .. 
. . 
.. 
Laser Contac:t: ·Materia] Contact Contact. Resistance 
-: :crystal Type Used Deposited. As Material. ohms • per pair 
.. 
' GaP . Ruby Paint Ag + Sn 20 n 
. 
. · ' 
.. Ag+ Sn 32 
' 
.. 26 . . Vapor Sn . ·, Au+ Sn 15 .. 
·. Zn + Sn not ohmic 
. . 
. . . 
. Paint Ag + Sn 34 
' 
.. 
' . 
. 188 Ag + Sn 
' 
co Vapor Sn 125 
. 2 
. Q-Sw Au + Sn 250 . . . Zn + Sn not ohmic 
.· 
." _ CO2 Paint Ag +· Sn 188 
• . Pulse . 
. , 
.. 
: YAG Paint Ag + Sn no ohmic formed .. 
: 
p Ruby Vapor Ag + Zn 14 
' . 
. .. 
. CO2 Paint Ag + Zn 15 Q-Sw < ; .. 
'-i. 
Vapor Ag + Zn 20 ,·-, 
GaAs n Ruby Vapor Ag + Sn 4 
./", 
CO2 Vapor Ag + Sn 5 Q-Sw .. 
p Ruby ·Vapor Ag + Zn 5 
' . 
CO2 Vapor Ag + Zn 3 Q-Sw ' 
GaSb n CO2 Vapor Ag + Sn 7 
. Q.-Sw 
InAs n CO2 Vapor Ag + Sn 4 
Q-Sw 
InSb n CO2 Vapor Ag + Sn 3 
Q-Sw 
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